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ABSTRACT 



A system and method for dynamically switching between 
different physical layer devices (PH Ys) in a network inter- 
face. The system comprises a network interface tn a network 
device, e.g., a network card in a computer system which 
includes a fir st PHY devic e and a se cond PHY devi ce. The 
first PHY device is coupled to a first transmission medium 
(such as fiber-optic cable) which requires a continuous 
connection to the computer system when active. For a 
SERDES device, this continuous connection is required 
because the PHY needs constant access to its physical 
coding sublayer (PCS), which is located external to the PHY 
The second PHY device is coupled to a second transmission 
medium (such as copper cable) which does not require this 
continuous connection. This second PHY may be, for 
example, a G/MII device, which includes the PCS internally. 
The networ k interface card further includes a linfc fjwjf c HP 
unit, a physical lay er interface unit, and a control unit. T he 
r omrul UBll ge 1 debates a select signal indicating which phy si- 
cal layer de vice is currently selected. A ccordingly, the link 
Switching unit transfers data between the physical layer 
interface unit and the currently selected physical layer 
device. The physical layer interface unit receives incoming 
data from either the link switching unit or an external 
interface of the network interface card. The physical layer 
interface unit includes two sub-layers corresponding to each 
of the physical devices. These sub-layers each produce 
outgoing data in response to the incoming data, and the 
appropriate outgoing data is chosen based on the currently 
selected physical layer device. 

48 Claims, 17 Drawing Sheets 
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NETWORK INTERFACE SYSTEM AND location called a hub. This allows for easy modification of 

METHOD FOR DYNAMICALLY SWITCHING the network (adding, deleting, moving computers) without 

BETWEEN DIFFERENT PHYSICAL LAYER having to bring down the entire network. Furthermore, the 

DEVICES entire network does not go down if one individual connec- 

5 tion is broken. 

FIELD OF THE INVENTION Hybrid topologies combining one or more of the above 

. . t . i . . .i_ c u c * * i-j c network configurations may also be utilized to further 

This invention relates to the field of interface hardware for • fl M- t 

local area networks, and more particularly to a network 

interface which efficiently switches between different links 10 In order t0 P ermit a m ran S e of data communications 
to a local area network. among disparate data equipment and networks, the Interna- 
tional Standards Organization (ISO) developed a reference 
DESCRIPTION OF THE RELATED ART model ^own ^ 0 pen System Interconnection (OSI) in 
Local area networks (LANs) have forever changed cor- 1974. OSI is a seven-layer model which ideally allows 
porate and personal computing. First used for sharing simple ^ standardized procedures to be defined, enabling the inter- 
information and resources among personal computer users, connection and subsequent effective exchange of informa- 
LANs have dramatically evolved over the last ten years to tion between users. OSI defines the functions of each layer 
become the premier strategic computing platform for busi- but does not provide the software and hardware to imple- 
nesses today. All but the smallest corporations rely on LANs rnent the model. The model's goal is to set a standard for 
and their dependence and appetite for this technology shows communication product vendors. The seven layers in 
no signs for slowing. Indeed, LANs have matured to the sequence from top (layer 7) to bottom (layer 1) are as 
point of peer status with personal computers themselves. As follows: application, presentation, session, transport, 
the market and deployment of ever more powerful comput- network, data link, and physical. A given network does not 
ers continues to grow, the expectation of providing equally have to implement each layer of OSI to be compatible with 
high performance network connectivity grows as well. ^ this standard. 

One example of a local area network, LAN 10, is depicted Layer 7, the application layer, is responsible for special - 
in FIG. 1. As shown, LAN 10 includes a server computer 14 ized network functions such as file transfer, virtual terminal, 
and a plurality of client computers 16. Computers 14 and 16 and electronic mail. The purpose of this layer is to serve as 
are coupled by LAN hardware 12, which includes the actual the window between correspondent application processes 
transmission medium (e.g., fiber-optic cable or copper cable 3Q which are using the OSI to exchange meaningful data, 
such as unshielded twisted pair (UTP)) as well as various Examples of application layer protocols include SNMP, 
network hardware elements such as hubs, switches and RLOGIN, TFTP, FTP, MIME, NFS, and FINGER. Layer 6, 
routers. the presentation layer, is responsible for data formatting, 
The advantages of LANs are numerous. By providing character code conversion, and data encryption of data 
easy access to shared data (on server computer 14, for 3S generated in the application layer. This layer is not always 
example), computer users are allowed to interpolate more implemented in a network protocol. Layer 5, the session 
effectively. Users are also able to share expensive peripheral layer, provides for negotiation and establishment of a con- 
devices such as printers, faxes and CD-ROMs between nection with another node. To do this, the session layer 
client computers 16. These peripheral devices are also provides services to (a) establish a session connection 
coupled to the various client computers via LAN hardware 40 between two presentation entities and (b) support orderly 
12. The cost of client computers may also be decreased by data exchange interactions. This includes establishing, 
lessening the needs for high-capacity disk drives on indi- maintaining, and disconnecting a communication link 
vidua! workstations. By storing data on one or more central between two stations on a network, as well as handling 
servers accessible through the LAN, this also provides an name-to-station address translation. (This is similar to plac- 
easier solution for backup of vital data. 45 ing a call to someone on the telephone network with 
ALAN includes two or more computer systems which are knowing only his/her name, wherein the name is reduced to 
physically and logically connected to one another. The type a phone number in order to establish the connection), 
of connection between the computer systems is referred to as Layer 4, the transport layer, handles the reliable end- to - 
the topology of the LAN. In a bus topology, computer end delivery of data. This layer ensures that data is delivered 
systems and devices are attached at different points along a 50 in the same order that it was sent. It also ensures that data 
bus. Data isJt^ES^mitted throughout the network via the is transmitted or received without error, and in a timely 
cable. ^ffj^fciY &^a remission of t he network is governed manner. Transmission control protocol (TCP) is a common 
by the typerbf cable. One disadvantage uf tills lupulUgy ly transport layer protocol. Layer 3, the network layer, routes 
thai d biLttk in tliLT cable disables the entire network. packets of information across multiple networks, effectively 
Furthermore, provisions have to be made for re-transmission 55 controlling the forwarding of messages between stations. On 
of data in cases in which multiple computers contend for the the basis of certain information, this layer will allow data to 
s (cable) at the same time, causing data collision (and flow sequentially between two stations in the most economi- 
possible loss of data). cal path both logically and physically. This layer allows 
Another type of topology is the ring topology, in which units of data to be transmitted to other networks though the 
computer systems are daisy-chained together in a circle. In 60 use °f special devices known as routers. Internet Protocol 
such a configuration, data is transmitted from node to node (EP) is an example of a network layer protocol which is part 
(computer to computer). The data is passed from computer of the TCP/IP protocol suite. 

to computer until the correct destination is reached. While Layer 2, the data link layer, is responsible for transfer of 
this avoids the problem of data collision, a break in the addressable units of information, frames, and error check- 
connection disables the entire network. 6 5 ing. This layer synchronizes transmission and handles 
A third type of topology is the star topology. In this frame-level error control and recovery so that information 
configuration, all computer systems are routed to a central can be transmitted over the physical layer. Frame formatting 
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and cyclical redundancy checking (CRQ, which checks for 
errors in the whole frame, are accomplished in this layer. It 
also provides the physical layer addressing for transmitted 
frame. Serial Line IP (SLIP) and Point-to-Point Protocol 
(PPP) are examples of data link protocols. Finally, layer 1, 
the physical layer, handles the transmission of binary data 
over a communications network. This layer includes the 
physical wiring (cabling), the devices that are used to 
connect a station's network interface controller to the 
wiring, the signaling involved to transmit/receive data, and 
the ability to detect signaling errors on the network media. 
ISO 2110, IEEE 802, and IEEE 802.2 are examples of 
physical layer standards. 

For a bus or star topology, a transmission protocol is 
needed for devices operating on the bus to deal with the 
problem of data collision (two devices transmitting data over 
the bus at the same time). One such technique implemented 
in the OSI data link layer is called carrier sense multiple 
access/collision detect (CS MA/CD). Under this technique, 
hardware residing in a network interface card (NIC) within 
a given computer system senses the voltage change of the 
bus before attempting transmission of data. If no bus activity 
is detected, the data is transmitted over the bus to the 
appropriate destination. If bus activity is detected, however, 
the NIC holds off the access for a predetermined amount of 
time before re-trying the transmission. In such a manner, the 
integrity of the transmitted data is preserved. 

The CS MA/CD technique is employed by a LAN protocol 
known as Ethernet, which was developed by Xerox Corpo- 
ration in cooperation with DEC and Intel in 1976. Ethernet 
usesra*Bus7nng5D8ology and originally served as the basis 
forBEEE 802-3^)standard which specifies the physical and 
loweTseftwsrSlayers. Ethernet technology is by far the m ost 
predominant networking protocol m use today, accounting 
f or s£ me_^fiU*4fr--Q£^a|| ^n^^^ p,q_networK connechb riS "by 
year-end 1996 .. All popular operating systems ana applica- 
tions are Ethernet-compatible, as are upper-layer protocol 
stacks such as TCP/IP (UNIX, Windows, Windows 95), IPX 
(Novell NetWare), NetBEUI (for LAN manager and Win- 
dows NT networks) and DECnet (for Digital Equipment 
Corp. computers). Other LAN technologies which are less 
popular than Ethernet include Token Ring, Fast Ethernet, 
Fiber Distributed Data Interface (FDDI), Asynchronous 
Transfer Mode (ATM), and LocalTalk, Ethernet is the most 
tilized because of the balance it strikes between 
eeg^ist and ease of installation. 
_ Ethernet standard is defined by the Institu te for 
_ Electrical and Electron ic Engineers (IEEE) as IEEE Stan- 
dard 802.3.This stario'ara ddhrie'5 rules lor 1 Configuring an 
HlhTrriei as wen as specirying how elements in an Ethernet 
net work Interact with on e another. By adhering to the iUUU ' 
s tandard, network eaUlbMrn-aTia'ngrwork protocols mte'r- 
operate efficiently. 

*~ Original LANs based on Ethernet technology supported a 
data transfer rate of up to 10 Megabits per second (Mbps). 
IEEE 802.3 specifies several different types of transmission 
media configured to meet this transmission rate. 10Base-2 is 
a transmission medium which is capable of carrying infor- 
mation via low-cost coaxial cable over distances of up to 185 
meters at 10 Mbps. This is also referred to as "thin Ethernet". 
"Thick Ethernet" (10Base-5), conversely, is configured to 
transmit up to distances of 500 m over 50-ohm coaxial cable 
at this same rate. A fiber-optic standard, lOBase-FL, allows 
up to 2,000 m of multimode duplex cable in a point-to-point 
link. The most popular wiring scheme at the 10 Mbps rate, 
however, is the lOBase-T standard, which utilizes twisted 
pair conductors (also called UTP-unshielded twisted pair) to 




10 




carry information up to 100 m using Category 3 UTP wiring 
or better. UTP wiring comes in grades 1-7. Category 3 
wiring supports transmission rates of up to 16 Mbps. Cat- 
egory 5 cable, while more expensive, can support up to 100 
5 Mbps. Category 7 cable is the highest, most expensive grade 
of UTP cable. 

to meet the demand for higher transmissi on 
"fast Ethernet standard (lE^fc! uj^vas 
m 19^>. 'llus standard raised the Ethernet o tls 
m lO Mbps to lOO Mbps with only minimal 
to tne exis ting cable KUU Ulili. Tin Fast ElhuflU 
standard naa tne aaaed advantage of being backward- 
compatible with the 10 Mbps Ethernet standard, allowing 
users to migrate to the new standard without abandoning 
15 existing hardware. Like the original Ethernet standard, Fast 
Ethernet includes several different transmission media. 
100Base-T is a generic name for 100 Mbps twisted pair 
CSMA/CD proposals. Specific proposals include lOOBase- 
T4 and 100Base-TX. The 100BASE-T4 standard allows for 
20 support of 100 Mbps Ethernet over Category 3 cable, but at 
the expense of adding another pair of wires (4 pair instead 
of the 2 pair used for 10BASE-T). For most users, this is an 
awkward scheme and therefore 100BASE-T4 has seen little 
popularity, 100Base-TX, on the other hand, is the most 
popular solution for a 100 Mbps Ethernet, utilizing two pairs 
of Category 5 UTP wiring. 

Even with 100 Mbps Ethernet for LANs, new and existing 
network applications are evolving to embrace high- 
resolution graphics, video, and other rich media data types. 
Consequently, pressure is growing throughout the network 
for increased bandwidth. For example, many applications 
demand ultra-high bandwidth networks to communicate 3D 
visualizations of complex objects ranging from molecules to 
aircraft. Magazines, brochures, and other complex, full- 
color publications prepared on desktop computers are trans- 
mitted directly to digital-input printing facilities. Many 
medical facilities transmit complex images over LANs, 
enabling the sharing of expensive equipment and specialized 
medical expertise. Engineers are using electronic and 
mechanical design automation tools to work interactively in 
distributed development teams, sharing files which hundreds 
of gigabytes in sizes. Additionally, the explosion of Intranet 
technology is leading to a new generation of multimedia 
client/server applications utilizing bandwidth-intensive 
audio, video, and voice. In short, the accelerating growth of 
LAN traffic is pushing network administrators to look to 
higher-speed network technologies to solve the bandwidth 
crunch. 

50 The Gigabit Ethernet standard proposed in IEEE 802.3z 
offers a migration path for Ethernet users. The IEEE 802.3z 
standard allows half- and full-duplex operation at speeds of 
1,000 Mbps, relying on the 802.3 Ethernet frame format and 
CSMA/CD access method with support for one repeater per 

55 collision domain. The Gigabit Ethernet standard is also 
backward-compatible with lOBaseTand 100BaseT Ethernet 
technologies. 

Much of the IEEE 802.3z standard is devoted to defini- 
tions of physical layer standards (PHYs) for Gigabit Ether- 
go net. This standard uses the Fibre Channel-based 8b/10b 
coding at the serial line rate of 1.25 Gbps. Like other 
network models, Gigabit Ethernet implements functionality 
adhering to a physical layer standard. For Gigabit Ethernet 
communications, several physical layer standards are 
65 emerging. 

Two PHYs currently exist for providing Gigabit trans- 
mission over fiber-optic cabling. A lOOOBase-SX is targeted 
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at low cost multimode fiber runs in horizontal and shorter 
backbone applications. 1000Base-LX, meanwhile, is tar- 
geted at multimode fiber and single-mode fiber runs in 
longer backbone applications, such as building backbones or 
campus backbones. For multimode fiber, these standards 
define gigabit transmission over distances of 2 to 550 
meters, and for single -mode fiber, distances of 2 to 5000 
meters. 

There are also two standards efforts for Gigabit Ethernet 
transmission over copper cabling. The first copper link 
standard has been defined in IEEE 802 .3z and is referred to 
as lOOOBase-CX. This standard supports interconnection of 
equipment clusters where the physical interface is short-haul 
copper. It supports a switching closet or computer room as 
a short jumper interconnection for 25 meter distances. This 
standard runs over 150-ohm balanced, shielded, specialty 
cabling assemblies known as twinax cable. This copper 
physical layer standard has the advantage that it can be 
generated quickly and is inexpensive to implement. 

The second copper link standard is intended for use in 
horizontal copper cabling applications. This standard is 
governed by the IEEE 802,03ab task force, which is char- 
tered with the development of a lOOOBase-T physical layer 
standard providing 1 Gbps Ethernet signal transmission over 
four pairs of Category 5 UTP cable, covering distances up to 
100 meters or networks with a diameter of 200 meters. This 
standard, which uses new technology and new coding 
schemes in order to meet the potentially difficult and 
demanding parameters set by the previous Ethernet and Fast 
Ethernet standards, is expected to ratified sometime in late 
1998 or early 1999. The lOOOBase-T standard utilizes a PHY 
interface referred to as GMII ("Gigabit Medium Indepen- 
dent Interface"), which is similar to the Mil used in 
lOBase-T and lOOBase-X. GMII, however, provides a byte- 
wide interface as opposed to the nibble-wide interface of 
Mil. Mil, GMII, and TBI are discussed in greater detail 
below. 

Regardless of the particular physical interface utilized in 
Ethernet, Fast Ethernet, or Gigabit Ethernet, the host CPU o f 
the system requires access to a status register within th e 
gHY device in order tn monitor % state, nf the, device 
Device status is needed by the host CPU in orde r to 
d etermine if an interrupt condition is present (the link is 
down, for example) . This status register is defined to be PHY 
agister 1 (out or. !U' possible) for both GMII and Mil. (GMII 
also includes an Extended Status Register 15, however this 
only includes abilities of the device, and does not change 
during actual operation. This register is thus not utilized for 
detecting status). 

The interface to the management registers of a PHY 
device is described in IEEE Standard 802.3u clause 22 as a 
two- wire interface. The standard defines a bi-directional 
data line (referred to as "MDIO") and a clock signal 
("MDC"). These two signal make up the management 
interface to the PHY device. 

FIG. 2A depicts the CPU-PHY interface of a prior art 
computer system 100. As shown, system 100 includes a host 
CPU 110, a LAN controller 120, and a PHY device 130. 
Host CPU 110 is coupled to LAN controller 120 via a port 
112. In one embodiment this port may be a system bus 
coupled to controller 120 via a 10 bridge chip. LAN con- 
troller is coupled to PHY device 130 by interface 122, while 
CPU 110 is cou pled to PHY 130 via_a management interfac e 
^tUUlUdillg CtQCK Signal and data \ jne 1^4 . Computer 
system is coupiea to an external network 140 via a trans- 
mission medium 136, such as copper or fiber cable. 
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For interrupt determination within computer system 100, 
CPU 110 needs to determine if there has been a change in a 
status register within PHY device 130. Given the configu- r> 
ration of system 100, however, CPU 110 is required_ | to / 
5 continually poll the desired register via the MDC/MDIO L 
mtr.rTirr nf rirjmlT \*1 13 4 to detect such a. chang e. I 
Tms method creates a drain on the bandwidth of CPU 110, 
particularly if the polling process returns infrequent status 
changes. Such polling thus may affect the overall system 
10 performance. 

This problem is also encountered in an alternate prior art 
embodiment shown in FIG. 2B. As shown, FIG. 2B depicts 
a computer system 150, which includes similarly numbered^ 
elements to computer system 100 of FIG. 2A. Unlike I 
15 computer system 100, however, CPU 110 of compu ter [ 
system 150 polls PHY 130 bv signaling I .AN controller 120 > 
via port 112. LAN controller 120, in turn, then polls PHYf 
LM) via tne management interface bus of signals 132 and\ 
134. While this method avoids the direct CPU-PHY cou- \ 
20 pling of FIG. 2A, CPU 110 of FIG. 2B is still required to) 
continually request polling information from LAN control^ 
ler 130. Thus, the performance of computer system 150 is 
also sub-optimal. 

It would therefore be desirable to have a more efficient 
25 means of polling a status register of a physical layer inter- 
face device. 

SUMMARY OF THE INVENTION 

3o The present invention comprises a network interface 
system and method, such as a network interface card (NIC) 
within a computer system, which is configured to dynami- 
cally switch between a first physical laye r device and a 
S£cjand^b^cal4a^eir^ device in establishing a network link. 

35 The first physical layer device is coupled to a first transmis- 
sion medium, while the second physical layer device is 
coupled to a second transmission medium. Both transmis- 
sion media arc operable to establish a network link. Switch- 
ing may occur between the physical layer devices if an 
active link is determined to be down or unreliable. 

40 

The first physical layer device is one which requires a 
continuous connection to the computer system if active. A 
SERDES device is one example of such a device. If a 
SERDES device has established a connection with a link 
45 partner, the SERDES must be selected for active use by the 
NIC. In contrast, a G/MII device may establish a connection 
with a link partner without being selected for active use by 
the NIC. 

The NIC includes a link switching unit coupled to both the 
50 first physical layer device and the second physical layer 
device, as well as a physical layer interface unit coupled to 
the link switching unit. The NIC further includes a control 
unit configured to generate a select signal indicative of 
whether the first physical layer device or the second physical 
5 5 layer device is currently selected. This select signal is then 
conveyed to the link switching unit and the physical layer 
interface unit. 

The link switching unit is configured to transfer data 
between the physical layer interface unit and a currently 

60 selected physical layer device indicated by the select signal. 
The link switching unit is also coupled to the physical layer 
interface unit, which in turn couples to an external interface 
of the network interface card. The external interface con- 
nects the NIC to a remainder of the network device, e.g., a 

65 computer system. 

The physical layer interface unit is configured to transfer 
data between the link switching unit and the external inter- 
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face. The physical layer interface unit receives incoming The present invention also comprises a system and 

data from both the external interface and the link switching method for monitoring a currently established network link, 

unit. The interface unit includes a first physical layer inter- In prior art systems, a host CPU in a computer system is 

face sub-unit and a second physical layer interface sub-unit. required to continually poll a register in a network interface 

The first physical layer interface sub-unit is configured to 5 card in order to test the status of the currently established 

process the incoming data according to an interface of the ^ nas the disadvantage of becoming a drain on the 

first physical layer device, while the second physical layer bandwidth of the host CPU, particularly if the polling does 

interface sub-unit is configured to process the incoming data not frequently result in retrieval of updated status values, 

according to an interface of the second physical layer device. ^ decreas£ fa 5andwidth adversel £fects ^ perfor- 

Both sub-units generate outgoing data in response to the 1Q mance 

incoming data. The physical layer interface unit then selects ' ... 

the appropriate outgoing data in response to the currently In onc embodiment, the present invention includes a 

selected physical layer device. system for auto-polling to determine the current link status. 

In one embodiment, the first physical layer device is a T ^ s s y stcm deludes a host CPU and a network interface 

SERDES device and the second physical layer device is a carc | (NIQ, wherein the NIC includes, a physical layer 

G/MII device. Accordingly, in such an embodiment, the first 15 device and an auto-polling unit. Th e physical layer interface 

physical layer interface sub-unit is a physical coding sub- device is coupled to a network via" a nrs't^rans5i5sion 

layer and the second physical layer interface sub-unit is a ffieSum. Control values fo r this device may be changed v i " 

G/MII reconciliation sublayer. a^mana gement interface (sucn as tne^MDtO/MDC interfac e 

Dynamic switching may occur either from the first physi- 'Uelliled py itititj standard 802 .3u. clause 22). Status values 

cal layer device to the second physical layer device or 2 ^ for the device are included within a , designated status 

vice- versa. In order to switch from the first physical layer re^ er 

device to the second physical layer device, an indication is The auto-polling unit is configured to monitor activity on 

sent that the link established through the first physical layer me management interface of the physical layer interface 

device is going off-line. This ensures that fink partners are device , If no activity fc detected on lhe management mler _ 

notified of the pending change in link status^Next, the first 25 face for a predetermined period of time, the auto-polling unit 

physical layer device is put into Ration The link unit is ^ a ^ sUtus value from the status reg £ ler * f the 

then switched from coupling to the first physical layer ohvsical laver interface device fThe oredetermined oeriod 

device to the second physical layer device. This establishes P nvsicai lave [ interlace device, tine predetermined period 

.u j i • ii i . . or time may be a predefined constant, or may be varied by 

a connection from the second physical layer device to the . , ^xin t," « # . „ , . , u j 

. • i , . . _c . 4 . \r , . . .„ ™ the host CPU). This first status value is then compared to a 

physical layer interface unit via the link switching unit. The 30 , . . ' . ~ . - t , . , , 

physical layer interface unit is then signaled ma^coming se h C ° nd ™ ^ ^ u ™? ^ 

data corresponds to an interface specified by the second P h y sical la y er slatus value read b ? the host CPU * 

physical layer device. Accordingly, the outgoing data gen- If the first and second status values m tQe same ' the 

erated by the second physical interface sub-unit is now auto-polling continues monitor ing activity on the man age- 

selected. This establishes a connection from the link switch- 35 ment interface or tne pnysicauayer menace QeviceTTTthere 

ing unit to the external interface of the NIC via the physical is a mismatcn oetween ineffistand second status values, 

layer interface unit. Finally, the second physical layer device however, an interrupt is generated to the host CPU. The host 

is configured and de-isolated. A network connection may CPU ' in mrn r«P"sts a rcad of the first status value (that is, 

now be established via the second physical layer device. ^ data wmch causcd an intcrru P l 10 be generated). The read 

In order to switch from the second physical layer device 4 o P erformed bv thc CPU causcs the intcrru P l to be de-asserted, 

to the first physical layer device, the process is similar. First, Because the network interface card in this system signals 

an indication is sent that the link established through the toe host CPU whenever an interrupt condition has been 

second physical layer device is going off-line. Next, the detected, the CPU does not have to waste bandwidth by 

second physical layer device is put into isolation. Then the continually polling network interface devices. This leads to 

physical layer interface unit is signaled that incoming data 45 a more efficient use of svstem resources, particularly CPU 

corresponds to an interface specified by the first physical bandwidth. The auto-polling method used in this system thus 

layer device. Accordingly, the outgoing data generated by results in increased overall system efficiency and perfo r- 

the first physical interface sub-unit is now selected. This niance. 

establishes a connection from the link switching unit to the BRIEF DESCRIPTION OF THE DRAWINGS 

external interface of the NIC via the physical layer interface 50 . t . 

unit. Next, the link unit is switched from coupling to the A . bctter understanding of the present invention can be 

second physical layer device to the first physical layer obtaiDed when mc following detailed description of the 

device. This establishes a connection from the first physical P^erred embodiment is considered in conjunction with the 

layer device to the physical layer interface unit via the link lowing drawings, in which: 

switching unit. Finally, the first physical layer device is 55 ^G. 1 is block diagram of a prior art local-area network; 

configured and de-isolated. A network connection may now FIGS. 2A-B are block diagram of prior art CPU-PHY 

be established via the first physical layer device. interfaces; 

This system provides a smooth migration path for net- FIG. 3 is a high-level block diagram of a computer system 

work users of LANs which include both fiber-optic and which includes a network interface card according to one 

copper transmission media. By having the capability to 60 embodiment of the present invention; 

switch between a number of devices (including a fiber-optic FIGS. 4A-B depicts different LAN configurations which 

device such as a SERDES device), network responsiveness, include computer systems having network interface connec- 

reliability and flexibility are enhanced. In addition, the tions according to one embodiment of the present invention; 

present invention allows improved rendering of netwo rk FIG. 5 is a high-level block diagram of a network inter- 

interraces u -«»np a smpip mtp Tho cyctpm ran ^pfigjirpH 55 f ace card which includes a link switch unit between a 

Jo monitor the active link and dy namically switch hetween SERDES and G/MII devices according to one embodiment 

PHYs for improved redundancy. of the present invention; 
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FIGS. 6A-C depict how the OSI reference model sub- 
layers map to the PHY interfaces used by different trans- 
mission media; 

FIG. 7 is a more detailed block diagram of network 
interface card 312 depicted in FIG. 4 according to one 5 
embodiment of the present invention; 

FIGS. 8A-B are block diagrams of the interface to the 
link switch unit depicted in FIG. 5 according to one embodi- 
ment of the present invention; 

FIG. 9 is a high-level flowchart describing the monitoring 
operations of network interface card 312 according to one 
embodiment of the present invention; 

FIG. 10 is a flowchart of the link switch operation 
performed by network interface card 312 according to one 15 
embodiment of the present invention; 

FIG. 11 is a block diagram of a network interface card 
which includes an auto-polling unit according to one 
embodiment of the present invention; 

FIG. 12 is a state machine which illustrates operation of 20 
an auto-polling unit according to one embodiment of the 
present invention; 

FIG. 13 is a flowchart which depicts the flow of the 
auto-poll operation according to one embodiment of the 
present invention; and 25 

FIG. 14 is a flowchart depicting the operation of the host 
CPU during auto-polling according to one embodiment of 
the present invention. 

While the invention is susceptible to various modifica- 
tions and alternative forms, specific embodiments thereof 30 
are shown by way of example in the drawings and will 
herein be described in detail. It should be understood, 
however, that the drawings and detailed description thereto 
are not intended to limit the invention to the particular form 
disclosed, but on the contrary, the intention is to cover all 35 
modifications, equivalents and alternatives falling within the 
spirit and scope of the present invention as defined by the 
appended claims. 

DETAILED DESCRIPTION OF THE 40 
EMBODIMENTS 
FIG. 3 — Computer System 

FIG. 3 depicts a computer system 200 which includes a 
network in t erface card (NIC) according to one embodiment 
'oTthe present mvenuonv 1 ne present invention may be used 45 
in any of various types of network devices, including 
computer systems, networked printers, hubs, switches, 
routers, etc. In the following description the present, inven- 
tion is described with reference to a computer system. 

As will be described in greater detail below, the NIC 50 
within computer system 200 is configured to dynamically 
switch between different network interfaces to a local-area 
network (LAN). This switch operation may couple the NIC 
to a second network link in response to a first network link 
being detected as down or unreliable. 55 

As used herein, the terms "dynamically switching" and 
"dynamic switch" refer to the fact that the NIC of computer 
system 200 can perform on-the-fly switching between a first 
network interface and a second network interface. No inter- 
vention from a user of computer system 200 (or a network 60 
administrator) is required. This switching may thus be 
performed automatically as needed. This allows system 200 
to seamlessly shift to a second network interface if a first 
network interface is down or becomes unreliable. 

As shown, computer system 200 includes a host CPU 202 65 
coupled to a bus bridge unit 205 via a CPU bus 203. CPU 
202 may be any of various types of computer processors, 



including uniprocessors and multiprocessors. Similarly, host 
bus 203 may be any of a variety of high-speed buses 
designed for communication between host processors, 
memory subsystems, and specialized subsystems. 

Bus bridge unit 205 couples to a system memory 204 (via 
a memory bus 206), graphics controller 208 (via a pixel bus 
210), and various 10 devices (via an IO bus 214). Main 
memory 204 may be any of various types of memory 
subsystems, including random access memories (RAMs) 
and mass storage devices. 

In the embodiment shown in FIG. 3, graphics accelerator 
or video device 208 is coupled to host CPU 202 via bus 
bridge unit 205. Graphics accelerator 208 is configured to 
render pixel data received via bus 205. The pixel data 
rendered by graphics controller 208 is converted to a video 
signal for display on device 226 (which may be, in one 
embodiment, a multi-display system). Bus bridge unit 205 
also couples to one or more input/output devices via IO bus 
214 (which may be a PCI bus in one embodiment). As shown 
in FIG. 3, IO bus 214 couples to network interface card 212 
and generic IO device 215, 

Network interface card 2 12 provides computer syste m 
200 with one or more hnKS to an attached LAN"?ar . 
?UUrriaU Uy, ffliterent LANs or MAffs ). As will be described 
behnvrLhe OrJe" or more nrucs provided by NIC 212 may be 
coupled to different transmission media (that is, different 
types of physical cabling). NIC 212 is thus configured to 
receive network data and convert this received data into a 
format recognizable by the software-implemented portions 
of the chosen communications protocol. Conversely, NIC 
212 is also configured to receive outgoing data, format this 
data accordingly, and transmit the formatted data over the 
chosen network interface. 

Generic IO device 215 is representative of other types of 
IO devices which may be attached to bus 214. In one 
embodiment, device 215 may be a SCSI interface to mass 
storage of computer system 200, IO bus 214, in one 
embodiment, also couples to a secondary bus 220 via a 
secondary bus bridge unit 216. In an embodiment in which 
IO bus 214 is a high-speed bus such as a PCI bus, secondary 
bus 220 may be an ISA/EISA bus which couples to "native" 
IO devices 218 (such as a keyboard, a mouse, or other 
position tracking devices). 

As described above, NIC 212 is configured to provide 
dynamic switching between different physical layer devices. 
Different LAN configurations which may utilize such a NIC 
are shown with reference to FIGS. 4A-B, while FIGS. 5-10 
discuss the operation of NIC 212 and the dynamic switching 
process in greater detail. 

FIGS. 4A-B— LAN Configurations With Redundant Links 
As described above, a network interface card according to 
the present invention (such as NIC 212 shown with refer- 
ence to FIG. 3) may be utilized to provide two or more links 
between a computer system and a network. This allows the 
computer system to switch links if a currently selected link 
is detected to be down or unreliable. This is particularly 
useful in the case of migration into a newer technology 
transmission medium that may not be as reliable as an 
existing link. A network interface card configured according 
to one embodiment of the present invention allows dynamic 
switching of one link to a second link if a fault on the 
currently selected link is delected. This advantageously 
increases network flexibility and reliability. Many LAN 
configurations are possible using a network card according 
to one embodiment of the present invention. Two such 
configurations, LANs 300A-B, are shown below with ref- 
erence to FIGS. 4A-B. 
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FIG. 4A depicts a LAN 300A. LAN 300A includes a 
server computer 302, which is coupled to a switch 306 via 
dual server connections 304A-B. Server computer 302 
couples to these dual server connections 304 via a network 
interface card 212. Switch 306 also couples to dual server 
connection 304 via its own NIC. The NIC 212 within switch 
306 couples, in turn, to switch hardware 308. Switch hard- 
ware 308 provides connectivity to the remainder of LAN 
300A. Specifically, switch 306 couples to client computers 
312A-E and hub 310. Client computers 312A and 312E are 
directly connected to switch 306, while client computers 10 
312B-D are coupled to switch 306 via hub 310. 

In one embodiment, server connection 304A is the cur- 
rently selected link within server 302. Accordingly, a given 
client computer 312 couples to server 302 over server 
connection 304A. This is accomplished by the given client 



In prior art systems, an on-the-fly switch cannot be 
performed between a fiber-optic connection and a copper 
connection (such as the unshielded twisted pair connection 
320B shown in FIG. 4B). Network interface card 212, 
however, is configured to dynamically handle this type of 
link switch. A migration path using fiber-optic transmission 
media can thus be realized without compromising system 
reliability , efficiency and performance. 

_ t work Interface Card Block Diagram 
elemng rtOW to MU. a block dfilgnmi-ei^NIC 212 is 
depicted. As shown, NIC 212 includes a media access 
controller XMAC)~device 410, a select-generation unit 414, 
aTjnk switch 42o[ a SERDES PIT^device 430. and a G/MI I 
PHY device 440. MAC device 410 couples to .computer 



computer 312 being selected by switch 306. Data is then 15 f ffi™ 2 _°°„ vi l IQ bu ^ }^ and a physica ? 

irdware 308 to NIC 212, and (PAV) utttMBg Tmt 412 tor coupling to link switcFSg. 



transferred through switch hardware 
then on to server computer 302. (Conversely, data can also 
be transmitted from server connection 304A through NIC 
212 and switch hardware 308 to a given client computer 
312). 

If server connection 304A is detected to be unreliable, 
however, NIC 212 within server 302 may receive a com- 
mand which instructs NIC 212 to deactivate server connec- 



sei ect generation unit 414 generates a select signal 41 ?, 
wTfich" is convey ed tn phys ical inte r face, unit 412 and li nk 
switch unit 420, As will be described b elow, select signal 
20 4l5~ts asserted""!!! order to perform dynamic switching 
betwee n physical layer devices 43Q and 440. Link swi tch 
unfl"42ff"couples to PHY devices 430 and 440 via a pair of 
transmit and receive buse s. 
~5bKDb5> PHY device 43ff"couples to a local-area network 



tion 304A and activate server connection 304B. In such a 

case, a switching procedure (described in greater detail 25 (such as LAN 300A or B) via a fiber-optic transmission 



below) is performed. This switching procedure has the effect 
of establishing a network link between server 302 and 
switch 306 over server connection 304B. Client computer 
312A-E now couple to server computer 302 via this newly 
established connection. 

Because NIC 212 within server 302 is configured to 
perform dynamic switching, the reliability of the LAN is not 
compromised. In fact, users of LAN 300A may not notice a 
loss in connectivity to server 302 (although if server con- 
nection 304B is slow relative to server connection 304A, a 
difference in latency may be noticed). Although prior art 
network interface cards also allow on-the-fly switching, 
network interface card 212 has the added advantage of being 
able to switch between links which include a fiber-optic 
interface (such as a SERDES device). 

FIG. 4B illustrates a different LAN configuration, LAN 
300B. LAN 300B increases the robustness of the configu- 
ration shown in FIG. 4A by including dual switches. As 
shown, LAN 300B includes a server computer 302 which is 



medium (lOOOBase-X, for example). In contrast, G/MII 
PHY device 440 couples to LAN 300 via a copper trans- 
mission medium (such as 10/100Base-T). PHY devices 430 
and 440 each have a different physical layer interface. 
30 Device 430 has a ten-bit interface (TBI), while device 440 
has either a byte -wide or nibble -wide (GMII or Mil) inter- 
face. Moreover, the OSI reference model sublayers map 
differently into the SERDES and G/MII devices, further 
complicating the switching process. This difference in PHY 
35 in tgxfaees-4£ described next with reference to FIGS. 6A-C. 
^SgSS§??C=Sr-OSI Sublayer Mappings for Different Ether- 

/ hi-rhrrOSase-T and lOOBase-X protocols, PHY devices 

incorporate the physical medium attachment (PMA) and 
40 physical coding sublayer (PCS) and can interface to MAC 
device 410 via the nibble- wide MIL Similarly, lOOOBase-T 
PHY devices also incorporate the PMA and PCS layers and 
can interface to MAC device 410 via the byte-wide GMII. 
In the lOOOBase-X PHY device (SERDES), however, the 



coupled to a plurality of switches 322. Server 302 is coupled 45 PCS is not incorporated. Instead, the PCS for a SERDES 



to switch 322 A by fiber-optic server connection 320A, while 
server 302 is coupled to switch 322B by UTP server 
connection 3208. Server 302 again includes a network 
interface card 212 according to one embodiment of the 
present invention, thus providing dual links over server 50 
connections 320A-B. Switches 322 each include a network 
interface card that supports only a single link. Switches 
322A-B provide redundant paths between a switch 326, 
router 328, hub 327, and server 302. This provides increased 



device resides in a layer 2 device (the data link layer) of the 
OSI model. Accordingly, IEEE 802. 3 z standard specifies a 
Ten-Bit Interface (TBI) that can be used between SERDES 
device 430 and MAC device 410. 

The pins required for the Mil are a subset of the pins 
required for the GMII. Both Mil and GMII use the same 
management interface pins, MDIO and MDC (discussed in 
greater detail below). The TBI is not related to either Mil or 
GMII, but IEEE 802.3z specifies a mapping of the pins on 



mapping. 



system reliability as opposed to the configuration of LAN 55 the TBI to pins on the GMII and MIL Table 1 depicts this 
300A shown above. If switch 306 of FIG. 4A fails, for 
example, the entire network is disabled. In the configuration 
of LAN 300B, however, the use of dual switches 322 allows 
total network operation even if one of the switches is not 
functioning. Consider the case in which client computer 
312C is coupled to server computer 302 via hub 310, 
multiplexer unit 326, switch 322A and fiber-optic server 
connection 320A. If switch 322A becomes unreliable, server 
computer 302 can establish a new network link via UTP 
server connection 320B. Thus, communications can be 
restored to client computer 312C and server 302 by coupling 
to switch 322B, multiplexer unit 326 and hub 310. 



60 



65 



TABLE 1 




Pin Mappin* 




Mil 


GMII 


TBI 


TX_ER 


TX_ER 


TX<9> 


TX_EN 


TX__EN 


TX<8> 




TXD<7:4> 


TX<7:4> 


TXD<3:0> 


TXX><3:0> 


TX<3:0> 


RX_ER 


RX_ER 


RX<9> 
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Pin Mappinp 




Mil 


GMII 


TBI 


RX_DV 


RX_DV 


RX<8> 




RXD<7:4> 


RX<7:4> 


RXD<3:0> 


RXD<3:0> 


RX<3K)> 




10 

Although the data and control pins on the Mil, GMII and 
TBI can be mapped to equivalent pins, there are differences 
in how the Mil and GMII pins operate in comparison to the 
TBI pins. For example, upon power-up, a SERDES device 
needs the PCS via the TBI to either auto-negotiate with its ^ 
link partner or to transmit iHl^nHgg The. SF RDES devic e 
requires the PCS to perform fSulb-nego tiationT^f hus, if the 
5HkLU& device is toTJS iH6 yeiUUlBil Iklferlace, the TBI 
interface within NIC 212 is also active upon power-up. 

If the TBI is active upon power-up, the Mil and GMII, on 
the other hand, are inactive. However, since the PCS for 20 
these PHY devices are located internally, the PHYs them - 
selves c an perform auto-negotiation (or transmit idl e codes)^ 

7!7Mii devices way thus establish a conrisetioTrwtih a hnF 

partner even if they are not selected as the current network 
connection. A SERDES device, conversely, requires a con- 25 
tinuous connection: either the SERDES is inactive or it is the 
currently selected network connection. 

Because of the different properties of G/MII and SERDES 
devices, prior art devices have not been able to perform 
dynamic switching between the two interfaces. Instead, 30 
switching has been performed during power-up. While this 
simplifies the design of the network interface card, this does 
not provide a smooth migration path for a network user. For 



Physical interface unit 412 includes a corresponding 
sublayer unit for each of the types of attached PHY devices. 
Physical Coding Sublayer 514 corresponds to the MAC 
interface for SERDES PHY 430, while Reconciliation sub- 
layer 516 corresponds to the MAC interface for G/MII 
devices. Sublayers 514 and 516 share a common interface to 
control unit 500: control-interface input bus 502. Thus, 
when control unit 500 receives PHY input data from bus 
214, this data is conveyed on bus 502 to both sublayer 514 
and sublayer 516. Only one sublayer at a time is active, 
however, based on the state of interface select signal 536. In 
the embodiment shown, a T value causes sublayer 514 to 
be enabled, while a '0* value on signal 536 enables sublayer 
516. 

The enabled sublayer (514 or 516) processes the input 
data received on bus 502 and conveys output data on a 
corresponding bus 520. (Sublayer 514 conveys output data 
on first PCS output bus 52 OA, while sublayer 516 conveys 
output data on first reconciliation sublayer output bus 520B). 
The data on buses 520A-B is conveyed to output multi- 
plexer 512B. Output multiplexer 512B provides an input 
data path (link switch input bus 524) between PHY interface 
unit 412 and link switching unit 420. The output of multi- 
plexer 512B is also selected by the state of interface select 
signal 536. 

Link switch output bus 522 provides an output data path 
from link switching unit 420 to physical interface unit 412. 
Bus 522, like bus 502, couples to both sublayer 514 
(SERDES) and sublayer 516 (G/MII). The active sublayer 
(determined by signal 536) then processes the input data 
from bus 522, and conveys corresponding output data on a 
corresponding bus 518. (Sublayer 514 conveys output data 
on first PCS output bus 518A, while sublayer 516 conveys 
output data on first reconciliation sublayer output bus 518B). 



instance, such a design does not allow a user with an Mil 
device (10BASE-T or 100BASE-X) to migrate to a TBI 35 The data from both buses 518 is conveyed to an output 
device (lOOOBase-X). A network interface card according to 



40 



one embodiment of the present invention, however, allows 
sushcMligration path. 
TOGJZyDetailed Network Interface Card Block Diagram 
-"""'FIG. 7 depicts a more detailed block diagram of NIC 212. 
FIG. 7 includes a number of elements depicted above with 
reference to FIG. 5: PHY interface unit 412, select generaj- 
tion u nit 414, link switching unit 420, SERDES PHY device 
430, and O/MU PHY device 440. As shown, NKr212 als o 
"includes a c ontrol unit bUUpyfflc'rrcouples to 10 bus 214. 45 
■ — AiJ StlUwri, control unit 500 is configured to generate four 
control signals for conveyance to select generation unit 414: 
switch data input signal 505, switch write enable signal 506, 
interface select data 507, and interface select write enable 
508. Control unit 500 also provides a data path between IO 
bus 214 and physical interface unit 412. Control unit 500 
provides input data to unit 412 via control-interface input 
bus 502, while control unit 500 receives input data from unit 
412 on interface-control output bus 504. 

Select generation unit 414 generates the signals utilized to 
switch the proper physical layer interface as well as the 
physical layer device itself. Switch output data signal 538, 
which controls the switching of link switching unit 420, is 
generated by flip-flop 534 in response to inputs switch input 
data signal 505 and switch data write enable signal 506. 
Interface select signal 536, which enables the appropriate 
physical layer interface, is generated by flip-flop 534 in 
response to inputs interface select data 507 and interface 
select write enable 508. The initial state of output signals 
536 and 538 is determined after reset signal 502 is 
de-asserted (according to whether SERDES device 430 is 
powered -up as indicated by SERDES in use signal 550). 



multiplexer 512A, which conveys its output data on 
interface-control output bus 504 to control unit 500. Like 
multiplexer 512B, multiplexer 512A conveys output data 
based on the state of interface select signal 536. 

Link switching unit 420 provides a data path between 
physical interface unit 412 and PHY devices 430 and 440 
according to the state of switch signal 544. Switch signal 
544 is generated by OR gate 542 in response to inputs switch 
data output signal 538 and SERDES not in use signal 541, 
\vhich is generated by inverter 539 from SERDES in use 
signal 550. In the embodiment shown, link switching unit 
420 is configured to switch to SERDES PRY 430 in response 
to switch signal 544 being equal to '0*. Conversely, when 
signal 544 is T, unit 420 switches to G/MII PHY 440. 
50 Many other embodiments of NIC 212 are possible in which 
link switching unit 420 is controlled in alternate manners. 

Table 1 shown above depicts the common pins between 
the Mil, GMII, and TBI. The common output pins are 
conveyed on link switch input bus 524 to link switching unit 
55 420. The routing of these signals within unit 420 is described 
below with reference to FIG. 8A. 

There are some pins, however, that are present in the 
G/MII which are not present in the TBI. These G/MII-only 
pins are therefore directly connected (through unit 420) 
60 between physical interface unit 412 and G/MII PHY 440 at 
all times. For example, the G/MII PHY input signal GTX- 
CLK is connected directly from unit 412 to G/MII PHY 440. 
GTXCLK is part of link switch input bus 524 and G/MII 
input bus 542B. Similarly, G/MII PHY output signal 
65 TXCLK is not switched by unit 420 either. TXCLK is part 
of G/MII output bus 542A and link switch output bus 522. 
There are also several SERDES signals that are shared. 
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FIGS. 8A-*B— Link Switching Unit 

As described above, link switching unit 420 couples the 
current selected PHY (as determined by the value of switch 
signal 544) to physical layer interface unit 412. In one 
embodiment, link switching unit 420 includes a transmit 5 
data path (from unit 412 to PHYs 430 and 440) and a receive 
data path (from PHYs 430 and 440 to unit 412). FIG, 8A 
depicts the transmit data path, while FIG. 8B depicts the 
receive data path. 

As shown in FIG. 8 A, the transmit data path includes link 10 
switch input bus 524 conveyed from physical layer interface 
unit 412. Bus 524 includes all the component transmit 
signals of the Ten-Bit Interface (TXD0-9), along with other 
G/MII -specific signals. Note that several of the G/MII 
defined signals are mapped onto TBI-de fined signals. For 15 
example, G/MII signal TX_ER and TXD8 are conveyed on 
the same signal of bus 524, depending upon which interface 
is enabled. 

The commonly shared signals of bus 524 are conveyed to 
a transmit switch 610 within link switching unit 420. In a 20 
preferred embodiment, transmit switch 610 (and receive 
switch 612 described below) are implemented with a high- 
speed switch which exhibits minimum-to-zero propagation 
delay and ground bounce, while still providing adequate 
drive capability. In one embodiment, the QS33X257 Quick- 25 
Switch from Quality Semiconductor is utilized for switches 
610 and 612. 

As shown, transmit switch 610 receives switch signal 544. 
As described above, in one embodiment, if switch signal 544 
is a '0\ transmit switch 610 conveys shared input bus 524 30 
signals on SERDES PHY input bus 540B (also denoted as 
bus I0A-J at switch 610 outputs). Conversely, if switch 
signal 544 is a ' 1', transmit switch 610 conveys shared input 
bus 524 signals on G/MII PHY input bus 542B (switch 
outputs I1A-J). The G/MII -specific signal are conveyed 33 
directly to PHY 440 using the non-shared portions of buses • 
522, 524, 542A, and 542B. 

As shown in FIG. 8B, the receive data path includes 
SERDES output bus 540A and G/MII PHY output bus 542A 
conveyed to link switch unit 420. Buses 540A and 542A 40 
represent the common signals which are switched by receive 
switch 612. Bus 540A includes all the component receive 
signals of the Ten-Bit Interface (RXD0-9). Bus 542 includes 
several G/MII -specific receive path signals in addition to the 
shared signals. 45 

Receive switch 612 receives switch signal 544 in the same 
manner as transmit switch 610. If switch signal 544 is a *0*, 
receive switch 612 conveys input bus 540A signals from 
SERDES PHY 430 to PHY interface unit 412 on link switch 
input bus 522. The SERDES specific signals are conveyed 50 
directly to unit 412 on non-shared portions of buses 540A 
and 522. Conversely, if switch signal 544 is a '1', receive 
switch 612 conveys input bus 542 B signals from G/MII 
PHY 440 to PHY interface unit 412 on bus 522. The 
G/MII-specific signals are conveyed directly to unit 412 40 55 
using non-shared portions of buses 542A and 522. 
FIG. 9 — System-Level Flowchart 

FIG. 9 depicts a method 700 which describes the overall 
operation of computer system 200 with regard to detection 
of network link status. Generally speaking, method 700 may 60 
be generalized into two parts. In the first part of method 700, 
the link is monitored in step 712. If a timeout or lost link is 
reported, a series of steps (714-732) are taken to correct the 
potential fault. 

Method 700 begins with step 712, in which the status of 65 
the link is monitored. Link monitoring may be performed in 
a variety of ways. One common way is for host CPU 202 to 



poll a status register in the currently established physical 
layer device at a predetermined interval. A link monitoring 
method which uses auto-polling to advantageously free up 
CPU bandwidth may also be employed. This process is 
described below with reference to FIGS. 11-14. 

Regardless of the monitoring method employed in step 
712, the polling process periodically checks the link status. 
This operation is represented by step 714 in method 700. If 
no fault is detected, the link is reported active in step 732. 
Method 700 then returns to step 712 and the monitoring 
process resumes. 

If, however, the link has a potential fault, method 700 
proceeds to step 716. In this step, host CPU 202 receives an 
interrupt to indicate that the current link is possibly faulty. 
Next, in step 718, a determination is made by host CPU 202 
of whether or not to perform a link switch. To this end, CPU 
202 may consult a previously generated table which indi- 
cates if other PHYs are available for switching. 

If it is determined in step 718 that a link switch is to be 
performed, method 700 proceeds to step 720, in which the 
switch operation is effectuated. This process is described in 
greater detail with reference to method 800 in FIG. 10. After 
the switch operation in step 720 completes, method 700 
proceeds to step 722. If it is determined in step 718 that a 
link switch is not to be performed, method 700 proceeds 
directly to 722. 

In step 722, it is known that an interrupt has previously 
been generated due to a link timeout or status mismatch. 
This interrupt condition may have caused a link switch 
(execution of step 720) or the previous link may still be 
selected (having bypassed step 720). In either case, the 
currently selected link (whether new or old) is reconfigured 
starting in step 722 

I n step 722. a determination is made as to whether the lii 
is'to be brought in manual configuration mode or by auto- 
negotiatip n. In manu al configuration mode, link parame ters 
"are specihed b y LPU 202 , auto-negotiation m ode 
• allows llflk paflners to pertorm automatic contiguratio n of 
■arTefrtahlished link. This determination lsJY njcaJ J y ^ adp b)[ 
querying a bit (or variable! set in the network drivei-b eini 
executed bv host CPU 20Z 

If the driver settings indicate that manual configuration 
mode is desired, method 700 proceeds to step 728. In step 
728, manual configuration iso^f^aiul, UfjfeAasuCPU 
specifying parameters such ^ftSgeand wire speed.^fetf in 
step 730, a determination isSaUft 15 16 whether the link is 
active. If activity is detected, this is noted in step 732. 
Execution of method 700 then continues with monitoring of 
the link in step 712. If the link is determined to be inactive 
in step 730, method 700 proceeds directly to step 712, with 
the link being monitored to check for a timeout or fault 
condition (which occurs, for example, if the link cannot be 
properly established). 

d esired, method 700 proceeds from step 722 to step 724, In 
step 724, a determ ination is made as to whetherJhejihYs ical 
device-being conngured is ready (that is, it has comp leted 
auto-negotiation). If au to-negotiation has com pleted, | 
method 70 0- udvmm lo step to ^^Ltfa p. link 

is— active. \f ftp, this_flrtiviiy reported in, tfepJJ&2 and 




method 7U U reruns tn step 717 If thp HnV it» inactive, ^ 
method 700 proceeds directly to step 712 from step, 730. 

it it is determined in step u<\ mat tne P mr bein g\ 
co nfigured has not completed auto-negotiation^ - a setup 
proceaure is perrormea in slep TZb. Furthermore, the auto-* 
negotiation process is restarted. Method 700 then returns to 
step 712. When the auto-negotiation process completes, a 
CPU interrupt will be generated which indicates that the link 
is now active. 
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Method 700 thus provides a continuous process for moni- 
toring and switching network links in computer system 200 
using network interface card 212. 
FIG. 10 — Dynamic Switching Process 

Referring now to FIG. 10, a method 800 is depicted which 
illustrates the switching procedures between two network 
links coupled to a network interface card such as NIC 212. 
As described above, method 800 corresponds to step 720 of 
FIG. 9. Method 800 handles both switching from the TBI to 
the G/MII, as well as switching from the G/MII to the TBI. 
Unlike prior art designs, this switching process (TBI to 
G/MII or vice-versa) may be accomplished without having 
to power-down the system. 

Method 800 commences with step 812, in which a new 
PHY is selected from a previously generated table in the 
network driver which lists available PHYs. With a new PHY 
selected, a determination is made in step 814 as to whether 
an interface switch is to be performed. In the context of step 
814, "interface switch" refers to a switch from SERDES to 
G/MII or vice-versa. Switching from one G/MII device to 
another G/MII device is not considered an interface switch 
for the purposes of step 814. 

If an interface switch is determined not be performed in 
step 814, method 800 proceeds to step 815, in which an 
indication is given that the currently selected PHY is about 
to go off-Hoe. This allows current link partners to properly 
terminate the link connection. Next, the current PHY is 
isolated in step 817. In one embodiment, isolation is per- 
formed by writing to a control register within the PHY. 
Execution of step 817 effectively terminates the current link. 

With the current link terminated in step 817, method 800 
continues with step 830. In step 830, the ne w PHY 
(pr evious ly selected in step" 812) 15 configured ancT 
de-SuTaled. Al Ihe COUClusiuu uf-step 830, the Switching 
process is complete. Method 800 continues with step 832, 
which returns to step 722 of method 700. 

If a determination is made in step 814 that an interface 
switch is to be performed, II method 800 continues with 
steps 816 and 818. These steps are identical to steps 815 and 
817 described above. At the conclusion of step 818, the 
current network connection is terminated. If the switch 
operation of method 800 is from TBI to G/MII, physical 
coding sublayer 514 is effectively isolated in step 818 from 
both the MUX 512A and the control unit 500, 

In step 820, a determination is made of the whether the 
switch is from TBI to G/MII or vice-versa. If the switch is 
to a SERDES PHY, method 800 proceeds to step 822, in 
which a ' 1' value is written to interface select data signal 507 
by control unit 500. In turn, interface select signal 536 
becomes a *r, which causes sublayer 514 to be selected and 
sublayer 516 to be de-selected within physical layer inter- 
face unit 412. Next, in step 824, a '0' value is written to 
switch input data signal 505 by control unit 500. This causes 
switch output data signal 538 to become a '0', which, as 
described above, causes link switching unit 420 to switch 
from G/MII PHY 440 to SERDES PHY 430. The SERDES 
PHY is configured and de-isolated in step 830. Method 800 
then returns to step 722 of method 700 via step 832. 

If the switch is determined to be to a G/MII PHY in step 
820, method 800 proceeds to step 826, in which a T value 
is written to switch input data signal 505 by control unit 500. 
This causes link switching unit 420 to begin transmitting and 
receiving data to G/MII PHY 440. Next, control unit 500 
writes a '0' value to interface select data signal 507. This 
causes sublayer 516 to be selected and sublayer 514 to be 
de-selected within unit 412. The G/MII PHY is configured 
and de-isolated in step 830. Method 800 then returns to step 
722 of method 700 via step 832. 



It is noted that although only a single G/MII device is 
shown in the preceding figures, a plurality of such devices 
may be used in other embodiments of NIC 212. Thus, the 
network interface card is also operable to switch between a. 

5 SERDES device and a plurality of G/MII PHYs. 
FIG. 11— Auto-polling Unit 

As described above with reference to step 712 of method 
700, there are various methods for monitoring the status of 
an established network link. One commonly practiced pro- 

10 cedure is to have a CPU (such as host CPU 202) r epeated ly 
Eoll_a status register wjfthinthe physical interface laveris uch 
as the PCS) of a PHY device in order to determine if_ an 
interrupt condition has occurred . While functional, this 
procedure can cause a drain on CPU bandwidth. A more 

is efficient process for interrupt detection (auto-polling) is 
described below with reference to FIGS. 11-14. It is noted 
that the auto -polling technique described herein may be used 
in conjunction with or independently from the dynamic 
switching technique described above. 

20 FIG. 11 is a block diagram depicting portions of computer 
system 200, specifically portions of network interface card 
212. As shown, NIC 212 includes control unit 500, which 
couples to bridge chip 205 via IO bus 214. NIC 212 further 
includes an auto-polling unit 920, a management interface 

25 logic unit 930, and one or more PHY interface devices 940 
(two are shown in FIG. 11 for purposes of illustration). Note 
that each of interface devices 940 may be internal to the 
actual PHY device (in the case of a G/MII PHY) or external 
(such as for a SERDES PHY, in which the status registers are 

30 located within interface unit 412, for example). 

Each of sublayers 940 includes a control register 942 and 
a status register 944, jlost CPU 202 is configured to perform 
writes to a control register ot the currently selected FHYa n 
order to cnange the operating state ot the devic e. For 

35 , "exarHr)kt, the control register for PHY devices has bits 
corresponding to reset, power-down, and isolation modes. 
These bits may be set accordingly as needed to achieve a 
desired state. 

The status registers 944A-B of sublayers 940 include 
40 information which specifies the current state of the link. For 
example, status register specified for G/MII PHYs include a 
variety of bits which may change during operation of the 
link. Bit 5 of the status register indicates whether auto- 
negotiation functionality has completed. Bit 4 indicates the 
45 presence of a remote fault in auto-negotiation capable PHY 
devices. Bit 2 indicates the link status. Bit 1 indicates that 
jabber has been detected on the link. 

Hxg interface to the co ntrol and statu s registers o f the 
PHYdevice is referr ed to as tne "m anagement interlace" . As 
50 ujed herein, a ' J management interlace" is an interface ove r 
w hich control and data values governing device__flperaX ion 
are transmitted. T he PHY management interface js defie d 
by IEEE Slaridard 8uz.3u, clause 22, to be two-wire .in ter- 
l ace: a clock Klaual "MDC Urld 5 bi-directional dataj line 

55 MDIO. These signnb;_(jgpEesentefl hy mfr.ran™. nnrp^ralc 
9g and 934 ^1 couple management interface ]ntfc unit 930 
*a"n d each of sublayersj >40. 
* ln order to write one of control registers 942, host CP" 
conveys data to control unit 500 via IO bus 214. The contro 

60 value is then conveyed to management interface logic unit 
930 via bus 938. The new control value is then written to the 
desired control register 942 via serial data line 934. During 
this access, bus status 936 is set to indicate that host CPU is 
utilizing the management interface. (As will be described 

65 below, auto-polling unit 920 may also utilize the manage- 
ment interface. During such accesses, bus status 936 is set 
accordingly. Unit 920, however, cannot utilize the manage - 
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ment interface if bus status 936 indicates that the CPU is 
already using the interface.) The host CPU also performs 
reads of status registers 944 via the management interface. 
When a status value is accessed from a register 944, the 
value is stored in host CPU data register 914 for subsequent 
use. Note that the status value read from one of registers 944 
is conveyed to the host CPU via multiplexer 922, which 
selects the input from register 914 as its output unless 
interrupt signal 924 is asserted. 

As shown, auto-polling unit 920 includes a host CPU data 
register 914, an auto-poll data register 916A, an auto-poll 
hold data register 916B, an auto-poll control unit 918, an 
interrupt status data multiplexer 922, and a comparator (bit 
XOR) 912, Operation of auto-polling unit 920 is governed 
according to an auto-polling state machine described below 
with reference to FIG. 12. Generally speaking, auto-polling 
unit 920 monitors activity on MDIO signal 934. If no 
activity is detected for a predetermined number of MDC 
cycles, auto-polling unit 920 takes control of the manage- 
ment interface and queries the status register of the currently 
selected PHY device. If a difference is detected between the 
current status value and the previous status value read by 
host CPU 202, an interrupt is generated on PHY interrupt 
signal 924. This interrupt is conveyed to CPU 202 via 
interrupt logic 910. 

FIGS. 12-13— Operation of Auto-polling Unit 

Referring now to FIG. 12, a state machine 1000 is 
depicted which describes operation of auto -polling unit 920 
shown, in FIG. 11. The start state of state machine is 1002, 
in which the auto-polling feature is disabled. State machine 
1000 remains in state 1002 until such time as auto-polling is 
enabled by host CPU 202 (causing a transition to state 
1004). 

State machine 1000 remains in state 1004 until host CPU 
202 performs one or more writes which cause a particular 
PHY to become active. (Specifically, these writes remove 
the PHY from reset, power-down, and isolation modes). 
When host CPU 202 begins writing a PHY, auto-polling unit 
920 is able to determine the address of the PHY device that 
it will eventually poll. Auto-polling does not begin, 
however, until-the PHY is valid. 

When a PHY is valid, state machine 1000 transitions to 
state 1006. Auto -polling control unit 918 begins monitoring 
activity on the management interface of the currently 
selected PHY The state machine remains in state 1006 until 
a counter timeout is detected. In a preferred embodiment of 
the invention, this counter timeout corresponds to 32 clock 
cycles on MDC 932 during which there is no activity on 
MDIO 934. In another embodiment of the invention, the 
timeout may be adjusted by host CPU 202 as desired. 

When a counter timeout is detected in state 1006, state 
machine 1000 transitions to state 1008, in which an auto -poll 
read operation is performed. This involves auto-polling unit 
920 accessing the status register 944 of the currently 
selected PHY device via the management interface. As part 
of this process, auto-polling unit 920 sets bus status 936 to 
indicate that the management interface is currently not 
available to the host CPU but holds the request of the host 
CPU. (Likewise, when bus status 936 indicates that host 
CPU is utilizing the management interface, auto-polling unit 
920 is inhibited from accessing status registers 944). 

The value read from the status register 944 of the cur- 
rently selected PHY device is conveyed to auto-poll registers 
916A-B via management interface logic unit 930, The 
contents of auto-poll data register 916A are then conveyed 
to comparator 912, which also receives the contents of host 
CPU data register 914. As described above, register 914 
includes the most recent status register value read by the host 
CPU. 



L6,352 Bl 

20 

After the auto-poll read of state 1008, comparator 912 
performs a comparison of the current status value (from 
register 916A) and the most recent status value read by the 
host CPU. If there is a mismatch detected between the two 
5 values in state 1010, state machine 1000 generates an 
interrupt to the host CPU in state 1012 via PHY interrupt 
signal 924. The state machine then proceeds to state 1014, 
where it remains until interrupt signal 924 is cleared, 

The host CPU responds to the assertion of interrupt signal 
to 924 by requesting a read of the status register data which 
caused the interrupt. This data is conveyed to the host CPU 
from auto-poll hold data register 91 6B via multiplexer 922. 
The read request by the CPU also causes registers 914 and 
916A to update the same value. This, in turn, has the effect 
15 of de-asserting interrupt signal 924, since the two inputs to 
comparator 912 are now equal. 

When interrupt signal 924 is de- asserted, state machine 
1000 transitions from state 1014 to state 1016. This state 
resets the counter timeout and returns to monitoring state 
20 1006. In this manner, auto-polling is disabled while interrupt 
signal 924 is asserted. 

Operation of state machine 1000 continues as described 
above until auto-polling is disabled. It is noted that the above 
described auto-polling process is compatible with any PHY 
25 device which incorporates the IEEE standard 802.3u, clause 
22, management interface. The process is compatible since 
MDIO and MDC are not utilized in any non-standard 
manner. 

FIG. 13 presents the operation of auto-polling unit 920 in 

30 flowchart format. 

FIG. 14 — Host CPU Operation During Auto-Polling 

Referring now to FIG. 14, a method 1200 is depicted 
which illustrates the operation of a host CPU such as CPU 
202 during the auto-polling procedure. Method 1200 com- 

35 mences with an initial step 1202. During initialization, 
method 1200 proceeds to step 1204, in which auto-polling is 
enabled. In one embodiment, auto-polling is enabled when 
a valid PHY is discovered. 
With auto-polling enabled, the host CPU no longer has to 

40 continually monitor the PHY status registers to check for an 
interrupt. Instead, auto-polling unit 920 informs the host 
CPU when a PHY interrupt has been generated. This has the 
desirable effect of reducing CPU overhead. 
When the host CPU receives a PHY interrupt on signal 

45 924, method 1200 proceeds to step 1208, in which the host 
CPU performs a read operation. In one embodiment, step 
1208 includes sub-steps 1208A-B. 

In sub-step 1208A, the host CPU receives the data the 
caused the interrupt. As described above, this data is con- 
50 veyed to the CPU via register 916B and interrupt status 
register data bus 926. Next, in sub-step 1208B, the host CPU 
performs a read operation which causes interrupt signal 924 
to be de-asserted. This is performed in one embodiment by 
updating the contents of registers 914 and 916B to the same 

55 value. With the PHY interrupt cleared, method 1200 returns 

to step 1206. , , 

Although the auto-polling process described above was 
described as part of a network interf ace card, this process 
may be utilized by any" device that Wants to monitor the 

60 status of a PHY without over-burdening the CPU. 
Furthermore, the process can be expanded to monitor a 
larger set of registers. In an alternate embodiment, the host 
CPU can select one or more re g isters to auto-poll. Still 
further, the counter timeout ma/also be adjusted as needed 

65 by the CPU. This delay could be set to a fixed value if 
desired. In another embodiment, the delay could be set as 
needed by the host CPU. ^ 
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Although the system and method of the present invention cal layer device to said second physical layer device in 

have been described in connection with the described response to detecting that a link established via said first 

embodiments, it is not intended to be limited to the specific physical layer device is down or unreliable, 

form set forth herein, but on the contrary, it is intended to 6. The network interface card of claim 4, wherein said link 

cover such alternatives, modifications, and equivalents, as 5 switching unit is configured to switch from said second 

can be reasonably included within the spirit and scope of the physical layer device to said first physical layer device in 

invention as defined by the appended claims. response to detecting that a link established via said second 

What is claimed is: physical layer device is down or unreliable. 

1. A network interface card configured for use within a 7. The network interface card of claim 4, wherein said first 
network device comprising: 1Q physical layer device is a SERDES device. 

a first physical layer device configured to be coupled to a 8. The network interface card of claim 7, wherein said 

first transmission medium, wherein said first transmis- second physical layer device is a Mil or GMII device, 

sion medium is continuously linked to said network 9. The network interface card of claim 4, wherein said 

device whenever said first physical layer device is second physical layer device is a GMII device, 

active, and wherein said first transmission medium is a 10 ^ network interface card of claim 4) wherein 

fiber-optic transmission medium; second physical layer deyice ^ a Mn deyice 

a second physical layer device configured to be coupled to u The aetwork interface card of claim 3, further cora- 

a second transmission medium, wherein said second prising a control umt configured to generate a select signal 

transmission medium is a non- fiber-optic transmission indicative of whether said first physical layer device or said 
medium; .20 seconc * physical layer device is currently selected, wherein 

a link switching unit coupled to said first physical layer sa id control unit is configured to convey said select signal to 

device and said second physical layer device and sa id link switching unit and said physical layer interface 

configured to dynamically switch between said first xxmi. 

physical layer device and said second physical layer 12, The network interface card of claim 11, wherein said 
device in establishing a network link; and 25 link switching unit is configured to transfer data between 
a physical layer interface unit coupled to said link switch- said physical layer interface unit and a currently selected 
ing unit, the physical layer interface unit comprising a physical layer device indicated by said select signal, 
first physical layer interface sub-unit and a second 13. The network interface card of claim 12, wherein said 
physical layer interface sub-unit, wherein the first physical layer interface unit is coupled to an external inter- 
physical layer interface sub-unit is configured to pro- 3Q face of said network interface card which couples said 
cess incoming data according to an interface of the first network interface card to a remainder of said computer 
physical layer device and the second physical layer system. 

interface sub-unit is configured to process incoming 14. The network interface card of claim 13, wherein said 

data according to an interface of the second physical physical layer interface unit is configured to transfer data 

layer device. 35 between said link switching unit and said external interface. 

2. The network interface card of claim 1, wherein said 15. The network interface card of claim 14, wherein said 
second physical layer device is a Mil or GMII device. physical layer interface unit is configured to process incom- 

3. The network interface card of claim 1, wherein said link i n g data from both said external interface and said link 
switching unit is further configured to establish said network switching unit, and wherein said physical layer interface unit 
link by coupling to only one of said first physical layer 4Q is configured to process said incoming data according to said 
device or said second physical layer device at a time. currendy selected physical layer device indicated by said 

4. A network interface card configured to be used within select signal in order to generate outgoing data. 

a computer system, comprising: 16. The network interface card of claim 15, wherein said 

a first physical layer device configured to be coupled to a physical layer interface unit includes: 

first transmission medium, wherein said first transmis- 4S a first physical layer interface sub-unit which processes 

sion medium is a fiber-optic transmission medium; said incoming data according to a first interface speci- 

a second physical layer device configured to be coupled to fied by said first physical layer device; 

a second transmission medium, wherein said second a second physical layer interface sub-unit which processes 

transmission medium is a non -fiber-optic transmission said incoming data according to a second interface 

medium; 50 specified by said second physical layer device. 

a link switching unit coupled to said first physical layer 17. The network interface card of claim 16, wherein said 

device and said second physical layer device and outgoing data is selected from said first physical layer 

configured to dynamically switch between said first interface sub-unit in response to said first physical layer 

physical layer device and said second physical layer device being currently selected, and wherein said outgoing 

device in establishing a network link; and 55 data is selected from said second physical layer interface 

a physical layer interface unit coupled to said link switch- sub-unit in response to said second physical layer device 

ing unit, the physical layer interface unit comprising a being currently selected. 

first physical layer interface sub-unit and a second 18. The network interface card of claim 13, wherein said 

physical layer interface sub-unit, wherein the first first physical layer interface sub-unit is a physical coding 

physical layer interface sub-unit is configured to pro- 60 sublayer (PCS). 

cess incoming data according to an interface of the first 19. The network interface card of claim 13, wherein said 

physical layer device and the second physical layer second physical layer interface sub-unit is a Mil or GMII 

interface sub-unit is configured to process incoming Reconciliation sublayer. 

data according to an interface of the second physical 20. A computer system, comprising: 

layer device. 65 a network interface card, the network interface card 

5. The network interface card of claim 4, wherein said link comprising a physical layer interface unit, the physical 
switching unit is configured to switch from said first physi- layer interface unit comprising a fist physical layer 
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interface sub-unit and a second physical layer interface 
sub-unit, wherein the first physical layer interface sub- 
unit is configured to process incoming data according 
to an interface of a first physical layer device and the 
second physical layer interface sub-unit is configured to 5 
process incoming data according to an interface of a 
second physical layer device, the network interface 
card configured to establish a network link via a first 
transmission medium or a second transmission 
medium, wherein said first transmission medium is a 10 
fiber-optic medium; and wherein said second transmis- 
sion medium is a non- fiber-optic medium; 
wherein said network interface card is configured to 
dynamically switch between said first transmission 
medium and said second transmission medium in 15 
establishing said network link. 

21. The computer system of claim 20, wherein said 
network interface card is configured to switch from said first 
transmission medium to said second transmission medium 

in response to detecting that a link established via said first 20 
transmission medium is down. 

22. The computer system of claim 20, wherein said 
network interface card is configured to switch from said 
second physical layer device to said first physical layer 
device in response to detecting that a link established via 25 
said second physical layer device is down. 

23. The computer system of claim 20, wherein said first 
physical layer device is a SERDES device. 

24. The computer system of claim 23, wherein said 
second physical layer device is a Mil or GMH device. 30 

25. The computer system of claim 20, wherein said 
second physical layer device is a GMII device. 

26. The computer system of claim 20, wherein said 
second physical layer device is a Mil device. 

27. The computer system of claim 20, further comprising 35 
a link switching unit coupled to said first physical layer 
device and said second physical layer device. 

28. The computer system of claim 27, further comprising 
a physical layer interface unit coupled to said link switching 
unit. 40 

29. The computer system of claim 28, further comprising 
a control unit configured to generate a select signal indica- 
tive of whether said first physical layer device or said second 
physical layer device is currently selected, wherein said 
control unit is configured to convey said select signal to said 45 
link switching unit and said physical layer interface unit. 

30. The computer system of claim 29, wherein said link 
switching unit is configured to transfer data between said 
physical layer interface unit and a currently selected physi- 
cal layer device indicated by said select signal. 50 

31. The computer system of claim 30, wherein said 
physical layer interface unit is coupled to an external inter- 
face of said network interface card which couples said 
network interface card to a remainder of said computer 
system. 55 

32. The computer system of claim 29, wherein said 
physical layer interface unit is configured to transfer data 
between said link switching unit and said external interface. 

33. The computer system of claim 32, wherein said 
physical layer interface unit is configured to process incom- 60 
ing data from both said external interface and said link 
switching unit, and wherein said physical layer interface unit 

is configured to process said incoming data according to said 
currently selected physical layer device indicated by said 
select signal in order to generate outgoing data. 65 

34. The computer system of claim 33, wherein said 
physical layer interface unit includes: 



a first physical layer interface sub-unit which processes 
said incoming data according to a first interface speci- 
fied by said first physical layer device; 

a second physical layer interface sub-unit which processes 
said incoming data according to a second interface 
specified by said second physical layer device. 

35. The computer system of claim 34, wherein said 
outgoing data is selected from said first physical layer 
interface sub-unit in response to said first physical layer 
device being currently selected, and wherein said outgoing 
data is selected from said second physical layer interface 
sub-unit in response to said second physical layer device 
being currently selected. 

36. The computer system of claim 31, wherein said first 
physical layer interface sub-unit is a physical coding sub- 
layer (PCS). 

37. The computer system of claim 31, wherein said 
second physical layer interface sub-unit is a Mil or GMII 
Reconciliation sublayer. 

38. A method for establishing a link to a network in a 
computer system, said method comprising: 

dynamically switching between coupling to a first physi- 
cal layer interface device and coupling to a second 
physical layer interface device in order to establish said 
Link to said network; 

wherein said first physical layer interface interfaces to a 
fiber-optic transmission medium, and wherein said sec- 
ond physical layer interface device interfaces to a 
non-fiber- optic transmission medium; and 

dynamically switching between processing data in a first 
physical layer interface sub-unit that is configured to 
process data according to an interface of the first 
physical layer interface device and processing data in a 
second physical layer interface sub-unit that is config- 
ured to process data according to an interface of the 
second physical layer interface device. 

39. The method of claim 38, wherein said first physical 
layer device is a SERDES device. 

40. The method of claim 39, wherein said second physical 
layer device is a Mil or GMII device. 

41. The method of claim 38, wherein said second physical 
layer device is a GMII device. 

42. The method of claim 38, wherein said second physical 
layer device is a Mil device. 

43. The method of claim 38, further comprising: 
determining that a first network link established via said 

first physical layer device is down or unreliable; 
performing said dynamic switching from said first physi- 
cal layer device to said second physical layer device in 
response to said determining. 

44. The method of claim 43, wherein said performing said 
dynamic switching from said first physical layer device to 
said second physical layer device includes: 

indicating that said first network link is going off-line; 

isolating said first physical layer device; 

signaling a link switching unit to begin conveying data to 
and from said second physical layer device instead of 
said first physical layer device; 

signaling a physical layer interface unit that data trans- 
mitted to or received from said link switching unit 
corresponds to said second physical layer device 
instead of said first physical layer device; 

configuring said second physical layer device; 

de-isolating said second physical layer device. 
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45. The method of claim 38, further comprising: 
determining that a first network link established via said 

second physical layer device is down or unreliable; 
performing said dynamic switching from said second 
physical layer device to said first physical layer device 5 
in response to said determining. 

46. The method of claim 45, wherein said performing said 
dynamic switching from said, second physical layer device 
to said first physical layer device includes: 

indicating that said first network link is going off-line; 

isolating said second physical layer device; 

from a link signaling a physical layer interface unit that 
data transmitted to or received from a link switching 
unit corresponds to said first physical layer device 15 
instead of said second physical layer device; 

signaling said link switching unit to begin conveying data 
to and from said first physical layer device instead of 
said second physical layer device; 

configuring said first physical layer device; 20 

de-isolating said first physical layer device. 

47. A network interface device within a computer system, 
comprising: 

a first physical layer interfacing means for establishing a 
link to a network via a first transmission means; 
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a second physical layer interfacing means for establishing 
said link to said network via a second transmission 
means; 

a dynamic switching means for switching between said 
first physical layer interfacing means and said second 
physical layer interfacing means in establishing said 
link to said network; 
wherein said first transmission means is a fiber-optic 
transmission means, and wherein said second transmis- 
sion means is a non-fiber-optic transmission means; 
a first physical layer interface sub-unit means for process- 
ing data according to an interface of the first physical 
layer interfacing means; and 
a second physical layer interface sub-unit means for 
processing data according to an interface of the second 
physical layer interfacing means. 
48. The network interface device of claim 47, wherein 
said dynamic switching means is further configured to 
establish said link to said network via only one of said first 
physical layer interfacing means or said second physical 
layer interfacing means at a time. 

4 4* + + 
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